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I .  SUMMARY 

During t h e  second q u a r t e r  of t h e  c o n t r a c t ,  t h e  second group 
o f  compounds s u p p l i e d  by t h e  U .  S .  Bureau o f  Mines was t e s t ed  f o r  
c a t a l y t i c  a c t i v i t y  i n  t h e  o x i d a t i o n  o f  N2H4. Some compounds showed 
ve ry  h igh  a c t i v i t y  i n  t h e  o x i d a t i o n  o f  N2H4, a l t h o u g h  a l l  compounds 
co r roded  i n  t h e  t e s t  e l e c t r o l y t e  s o l u t i o n .  

S e l e c t e d  c a t a l y s t s  from the  f i r s t  group were f u r t h e r  examined 
The most i n t e r e s t i n g  for t h e i r  c h a r a c t e r i s t i c s  on the  N2H4 anode.  

r e s u l t  was t h e  ex t r eme ly  high NH3 c o n t e n t  i n  t h e  gas evo lved  from 
t hese  e l e c t r o d e s .  
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11. I N T R O D U C T I O N  

The o b j e c t i v e  of t h i s  c o n t r a c t  i s  t o  de t e rmine  c e r t a i n  
e s s e n t i a l  p r o p e r t i e s  of non-noble metal  compounds as e l e c t r o d e  
c a t a l y s t s  f o r  f u e l  c e l l s .  P r o p e r t i e s  of  major  i n t e r e s t  i n c l u d e :  
p o l a r i z a t i o n  c h a r a c t e r i s t i c s  of t h e  e l e c t r o d e s  c o n t a i n i n g  these  
compounds; and t h e  chemica l  s t a b i l i t y  of  these e l e c t r o d e s  i n  
p r e s c r i b e d  t e s t  envi ronments .  

The work unde r t aken  a t  Monsanto Research  C o r p o r a t i o n  i s  t o  
i n v e s t i g a t e  t h e  e l e c t r o c a t a l y t i c  a c t i v i t y  of  t h e  compounds f o r  
o x i d a t i o n  of d e x t r o s e  and h y d r a z i n e .  

During t h e  f i r s t  q u a r t e r ,  i n t e r s t i t i a l  compounds, namely, 
c a r b i d e ,  n i t r i d e ,  c a r b o n i t r i d e  and n i t r o c a r b i d e  o f  i r o n  were 
i n v e s t i g a t e d .  R e s u l t s  showed t h a t  no compounds were c a t a l y t i c a l l y  
a c t i v e  f o r  d e x t r o s e  o x i d a t i o n  i n  b u f f e r e d  n e u t r a l  e l e c t r o l y t e ,  
b u t  a l l  compounds were s u f f i c i e n t l y  a c t i v e  f o r  N2H4 o x i d a t i o n  
i n  KOH e l e c t r o l y t e .  Some compounds, p a r t i c u l a r l y  t h o s e  p r e p a r e d  
from leached Raney i r o n ,  however, s h m e d  s i g n i f i c a n t l y  severe 
c o r r o s i o n  i n  t h e  c a u s t i c  e l e c t r o l y t e .  

During 
A g ,  and  t h e i r  
Bureau of  Mine 

t h i s  q u a r t e r ,  l eached  Raney a l l o y s  of  N i ,  Co and 
c a r b i d e s  and n i t r o c a r b i d e s  were s u p p l i e d  by t h e  U .  S .  
8s. These were e v a l u a t e d  i n  t h e  same manner as 

t h e  f i rs t  group o f  c a t a l y s t s .  Some a d d i t i o n a l  expe r imen t s  on 
some o f  the promis ing  c a t a l y s t s  from t h e  f i r s t  group were a l s o  
conduc ted .  

2 



* . 
J 

111. P R E P A R A T I O N  OF E L E C T R O D E S  

A l l  catalysts were preconditioned according to the pro- 
cedure described in the first quarterly report. 

Since one catalyst of the first group ignited during 
grinding, all catalysts of the second group were ground and 
sieved to -400 mesh in a chemically pure argon atmosphere prior 
to the final preconditioning process. 

A l l  electrodes prepared during the second quarter were 
type B*. 
micro-porous matrix and are considered very suitable for the present 
study. 

These electrodes contain a network of macropores in a 

Catalyst loading was approximately 0.7g/inch2. 

* The method f o r  p r e p a r i n g  t h i s  t y p e  e l e c t r o d e  is Monsanto 
Research  p r o p r i e t a r y .  
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I V .  T E S T  R E S U L T S  

A .  C O R R O S I O N  T E S T I N G  

Weighed samples ( a b o u t  0.5 gram e a c h )  were soaked over -  
n i g h t  i n  50 c c  o f  5M KOH i n  a c o n s t a n t  t e m p e r a t u r e  b a t h  a t  7 0 ° C .  
The f o l l o w i n g  d a y ,  t h e y  were c o l l e c t e d  by f i l t r a t i o n ,  d r i e d  i n  
vacuum, and weighed. A l l  samples were found t o  have g a i n e d  we igh t ,  
p e r h a p s  due t o  f o r m a t i o n  o f  hydroxide  o r  h y d r a t e d  o x i d e s  on t h e  
s u r f a c e  of t h e  powder. The samples c o n t a i n i n g  c o b a l t  formed a 
b l u e  c o l o r  i n  t h e  t e s t  s o l u t i o n .  The same t e s t s  were r u n  i n  
5M KOH w i t h  2M N 2 H 4  added. However, t h e  gas e v o l u t i o n  produced 
by decompos i t ion  o f  h y d r a z i n e  was s o  v i g o r o u s  t h a t  p o r t i o n s  of  
t h e  samples were l o s t .  T h e r e f o r e ,  weighing a f t e r  t h e  c o r r o s i o n  
t e s t s  was o m i t t e d .  C o l o r i n g  o f  t h e  s o l u t i o n s  was somewhat 
d i f f e r e n t  from t h a t  i n  KOH wi thou t  N 2 H 4 .  

F i n a l l y ,  t h e  samples were t e s t e d  i n  i n h i b i t e d  0.1M H C 1 .  
I n  a l l  c a s e s ,  there  was s i g n i f i c a n t  l o s s  of w e i g h t .  Most o f  t h e  
l e a c h e d  Raney alloys pi-odilced gas e v c l u t i o n  as w e l l .  

R e s u l t s  a re  summarized i n  T a b l e  1. 

B. D E X T R O S E  OX I D A T  I ON 

E v a l u a t i o n  o f  c a t a l y t i c  a c t i v i t y  f o r  d e x t r o s e  o x i d a t i o n  
was t o  be c a r r i e d  o u t  under  c o n t r a c t  PH43-66-976, " Implan tab le  
F u e l  C e l l  f o r  a n  A r t i f i c i a l  Hea r t " ,  f o r  t h e  N a t i o n a l  Heart 
I n s t i t u t e ,  Department of  Heal th ,  Educa t ion  and Welfare. 

S i n c e  c o n t a m i n a t i o n  of t h e  b lood  s y s t e m  due t o  c o r r o s i o n  
o f  e l e c t r o d e  material  i s  i m p e r m i s s i b l e ,  w e  de t e rmined  t h a t  t h e s e  
c a t a l y s t s  are n o t  a p p r o p r i a t e  f o r  t h i s  a p p l i c a t i o n .  Consequent ly ,  
no expe r imen t s  were c a r r i e d  ou t  f o r  t h i s  phase.  

C. N ? H &  O X I D A T I O N  

Although t h e  c o r r o s i o n  t e s t s  r e v e a l e d  t h a t  most of t h e  
c a t a l y s t s  i n  t h e  second group were a t t a c k e d  i n  some d e g r e e  by 
t h e  t e s t  e l e c t r o l y t e  (5M KOH t 2M N 2 H 4 ) ,  t h e  p o l a r i z a t i o n  
data f o r  N 2 H 4  o x i d a t i o n  was t a k e n  i n  t h e  manner d e s c r i b e d  i n  
t h e  p r e v i o u s  r e p o r t .  

I R  f r ee  e l e c t r o d e  p o t e n t i a l s  v s  t h e  s a t u r a t e d  ca lomel  
e l e c t r o d e  a t  v a r i o u s  c u r r e n t  d e n s i t i e s  above 1 0  mA/cm2 ( a p p a r e n t  
d e n s i t i e s )  a re  g i v e n  i n  Table  2. R e s u l t s  i n d i c a t e  t h a t  some 
c a t a l y s t s  a re  ve ry  a c t i v e  i n  N 2 H 4  o x i d a t i o n .  E i g h t  c a t a l y s t s  
were s e l e c t e d  from t h e  f i r s t  group ( i n t e r s t i t i a l  compounds of 
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Table 2 

POTENTIAL OF VARIOUS N2H4 ELECTRODE 
v s .  

THE SATURATED CALOMEL ELECTRODE 
AT VARIOUS CURRENT DENSITIES ( I R  F R E E )  

Electrode: B Type 
Electrolyte: 5 M  KOH + 2M N 2 H 4  
Temperature: 7OoC 

Current Densities , m A / c m 2  

Catalysts 

33c 
35c 
38C 
39c 
42C 
43c 
46C 
21 N C  
23NC 
28NC 
31 N C  
32NC 
RAL2 
RAL3 
RAL4 
RAL5 
RAL6 
RAL7 
R A L 8  
RAL9 
RALlO 
R A L l l  
RALl2 
RALl3 
R C  1 
RN2 

co-c 
Ni-C 
1 CO: 3Ag-C 
1Co: 1Ag-C 
1Ni:lCo-C 
1 N i  :1Ag-C 
3Ni : 1 A g - C  

N i  - N C  
1 N i  : 1 Co-NC 
1 N i : l A g - N C  
3Ni:lAg-NC 
1 N i  : 1 Co-RAL 
3Ni : 1 Co-RAL 
lNi:3Ag-RAL 
1Ni:lAg-RAL 
3Ni:lAg-RAL 

C O - N C  

lCoz3Ag-RAL 
1 C O  : 1 AS- R A L  
3Co:lAg-RAL 
1Ni:lCo:lAg-RAL 
1Ni:lCo:lAu-RAL 
1 N i  : 1 A g  : 1 A u - R A L  
1CO:lAg:lAU-RAL 
C O - R C  
N i  - R N  

OCP 

-1.22 
-1.19 
-1.17 
-1.22 

- 1 . 2 :  

-1.23 
-1.23 
-1.16 
-1.16 
-1.25 
-1.19 
-1.12 
-1.25 
-1.20 
-1.15 
-1.15 
-1.24 
-1.23 
-1.25 
-1.23 
-1.23 
-1.20 
-1.24 
-1.25 
-1.16 

10 

-1.22 
-1.18 
-1 .16 
-1.22 

-1.21 
-1.21 

~ -1.23 
-1.13 
- 1  . l l  
-1.25 
-1.13 
-1.12 
-1.25 
-1.19 
-1.15 
-1.15 
-1.23 
-1.23 
-1.25 
-1.23 
-1.23 
-1.19 
-1.23 
-1.25 
-1.16 

20 

-1.21 
- 1  .16 
-1.16 
-1.22 

- 1  .I9 
-1.20 
-1.20 
-1.10 
-1.09 
-1.25 
-1.12 
-1.10 
- 1  ..25 
-1.19 
-1.12 
-1.15 
-1.22 
-1.20 
-1.25 
-1.23 
-1.23 
-1.19 
-1.23 
-1.25 
-1.16 

50 100 

-1.21 -1.19 
-1.14 -1.12 
-1.15 -1.09 
-1.21 -1.21 

- -  

-1.19 -1.19 
-1.18 -1.18 
-1.20 -1.19 
-1.09 -1.07 
-1.03 -0.85 
-1.21 -1.21 
-1.12 -1.12 
-1.10 -1.05 
-1.23 -1.23 
-1.14 -1.12 
-1.12 -1.12 
-1.13 -1.10 
-1.20 -1.16 
-1.18 -1.17 
-1.25 -1.25 
-1.20 -1.20 
-1.23 -1.23 
-1.19 -1.18 
-1.22 -1.22 
-1.24 -1.19 
-1.15 -1.15 

C = carbide; N C  = nitrocarbide; R A L ,  R C ,  R N  = leached Raney metal 
or alloy 



i r o n )  f o r  , d r t h e r  i n v e s t i g a t i o n .  They were made i n t o  2 x 2 i n c h  
B t y p e  e l e c t r o d e s  hav ing  ca ta lys t  l o a d i n g s  of  approx ima te ly  
0 . 7  g / i n . 2 .  The r a t e  of  g a s  e v o l u t i o n ,  compos i t ion  o f  t h e  
evolved  gas and e l e c t r o d e  p o t e n t i a l s  f o r  t h e s e  e l e c t r o d e s  were 
de te rmined  a t  open c i r c u i t  and unde r  p o l a r i z a t i o n  a t  1 0 0  a m p / f t 2 .  
These data are s p e c i f i c a l l y  impor t an t  i n  t h e  p r a c t i c a l  o p e r a t i o n  
o f  N 2 H 4 - A i r  f u e l  c e l l  s y s t e m s .  

Data a re  summarized i n  Tab le  3. The most i n t e r e s t i n g  
r e s u l t  from t h e  d a t a  i s  t h e  e x t r e m e l y  h igh  c o n t e n t  of  NH3 i n  t h e  
evo lved  g a s .  It i s  abou t  1 0 0  t o  1 0 0 0  times h ighe r  t h a n  t h e  
a v e r a g e  NH3 c o n t e n t  from t h e  p r e s e n t l y  o p e r a t i n g  MRC N2Hh-electrode. 
A t  p r e s e n t  we do n o t  have an e s t a b l i s h e d  mechanism f o r  NH3 f o r m a t i o n  
on t h e  N 2 H 4  anode.  However, we s u g g e s t  t h a t  t h e s e  h i g h  N H 3  
c o n t e n t s  may be due t o  u n u s u a l l y  h i g h  a c t i v i t y  of  t h e s e  compounds 
f o r  b r e a k i n g  N 2  bonding ,  as shown i n  t h e  f o l l o w i n g  e q u a t i o n :  

H 2 N : N H 2  
c a t a l y s t >  

where 2H* are p r o d u c t s  of t h e  l o c a l  c a t h o d i c  r e a c t i o n  on t h e  N 2 H 4  
anode .  
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